Background: Information on within-and between-individual variation in energy and nutrient intake is critical for precisely estimating usual dietary intake; however, data from Japanese populations are limited. Methods: We used dietary records to examine within-and between-individual variation by age and sex in the intake of energy and 31 selected nutrients among Japanese adults. We also calculated the group size required to estimate mean intake for a group and number of days required both to rank individuals within a group and to assess an individual's usual intake, all with appropriate arbitrary precision. A group of Japanese women (younger: 30-49 years, n = 58; older: 50-69 years, n = 63) and men (younger: 30-49 years, n = 54; older: 50-76 years, n = 67) completed dietary records for 4 nonconsecutive days in each season (16 days in total). Results: Coefficients of within-individual variation and between-individual variation were generally larger in the younger group than in the older group and in men as compared with women. The group size required to estimate a group's mean intake, and number of days required to assess an individual's usual intake, were generally larger for the younger group and for men. In general, a longer period was required to rank women and older adults. Conclusions: In a group of Japanese adults, coefficients of within-individual variation and between-individual variation, which were used to estimate the group size and number of records required for adequate dietary assessment, differed by age, sex, and nutrient.
INTRODUCTION
Fluctuations in daily dietary intake values, which frequently hamper analysis of nutritional data, result from within-and between-individual variation. [1] [2] [3] Within-individual variation is subject to several factors such as true day-to-day variation, variation by day of the week and season, and residual variation, including measurement error. Between-individual variation is strongly influenced by factors such as age and sex. [1] [2] [3] [4] [5] [6] [7] [8] These variations should be considered whenever dietary intake is assessed in individuals and groups. 3, 9 Properly designed nutritional research that includes dietary assessment should thus consider the number of subjects required in 1 group (group size) and the number of days required to implement the assessment efficiently. 3, 10 These variables can be estimated using within-and between-individual variation of nutrient intake. [1] [2] [3] 7 Dietary assessment is usually conducted for 1 of 3 purposes: (1) to compare the mean intake of different groups, (2) to rank individuals within a group, or (3) to assess an individual's usual intake. Thus, knowledge of within-and between-individual variation is required in order to determine group size in studies comparing mean intake between groups, 7 and the ratio of within-to betweenindividual variation is required in order to determine the number of days required for dietary assessment in studies that assess diet-disease associations using rankings of subjects within a group (eg, in estimating relative risk using quartile categorizations). 1, 5, 11 Moreover, within-individual variation influences the number of days required to assess the usual intake of individuals (eg, to establish the true nature of doseresponse). 1, 3, 9 The magnitude of within-and between-individual variation in nutrient intake is largely determined by cultural and ecologic factors. 2, 3, 12 The group size and number of days required for precise estimation of usual nutrient intake has been studied, but results have differed, 7, 13 and these variables might differ by age, sex, and country, due to different dietary habits. 13 However, investigation of these issues has been limited in Japan. 4, 14, 15 Here, we examined within-and between-individual variation in dietary intake by age and sex among Japanese adults. We assessed energy and 31 selected nutrients derived from dietary records (DRs) that were maintained for 4 nonconsecutive days in each season (16 days in total). We also estimated the group size required to estimate a group's mean intake and the number of days required to rank individuals within a group and to assess an individual's usual intake with adequate precision.
METHODS Subjects
The study was conducted in 4 areas in Japan that differed in geographic conditions and dietary habits, namely Osaka (Osaka City: 11 743 persons/km 2 ; urban), Nagano (Matsumoto City: 786 persons/km 2 ; rural inland), Tottori (Kurayoshi City: 285 persons/km 2 ; rural coastal), and Okinawa (Ginowan City: 4446 persons/km 2 ; urban island), 16 between November 2002 and September 2003. [17] [18] [19] [20] We recruited apparently healthy women aged 30 to 69 years who were willing to participate with a cohabiting husband. The subjects were volunteers and were asked by local staff to participate in the study. Subject recruitment was continued until a sufficient number of participants was obtained. In each of the 4 areas, each 10-year age band (30-39, 40-49, 50-59, and 60-69 years) included 8 women; the age of the husband was not considered. Thus, a total of 128 women and 128 men were invited. Dietitians were excluded from the study. None of the subjects had recently received dietary counseling from a doctor or dietitian or had a history of educational hospitalization for diabetes or nutritional education from a dietitian. Before the study, group orientations were held to explain the study purpose and design. Written informed consent was obtained from each subject. The study did not undergo ethical approval because it was conducted before ethical guidelines for epidemiologic research were enforced in Japan. However, use of data from this study was approved by the Ethics Committee at the University of Tokyo Faculty of Medicine (No. 3421). A total of 121 women aged 30 to 69 years and 121 men aged 30 to 76 years completed 16-day DRs and were included in the present analysis. 17-20 The 4 recording days consisted of 3 randomly selected weekdays and 1 weekend day. During the orientation session, local staff (registered dietitians) gave subjects both written and verbal instructions on how to keep the dietary record, using a completed recording sheet as an example. Each couple was given blank recording sheets and a digital scale (Tanita KD-173, ±2 g precision for 0-250 g and ±4 g precision for 251-1000 g). Subjects were also instructed on how to weigh each food item and drink and were asked to record and weigh all foods and drinks consumed on each recording day. When weighing was difficult (eg, when eating out), we instructed them to record the size and quantity of foods they ate as precisely as possible, using household measures. For each recording day, the subjects were asked to fax the completed forms to the local staff. The staff reviewed the submitted forms and, if necessary, asked the subject to augment and/or modify records by telephone or fax. The responses were faxed or, in some cases, handed directly to the staff.
All collected records were checked by trained registered dietitians in each local center and then again in the data center. The coding of records and conversion of measurements into grams were performed by trained registered dietitians in the survey center in accordance with uniform procedures. A total of 1398 food and beverage items appeared in the dietary records. Intake of energy and 31 selected nutrients was assessed based on the estimated intake of all items and the Standard Tables of Food Composition in Japan.
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Anthropometric measurements, physical activity level, and reporting adequacy of reported energy intake Body height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, with subjects wearing light clothing and no shoes. Body mass index (BMI) was calculated as body weight (kg) divided by the square of body height (m). Basal metabolic rate (BMR) was calculated for each subject from age, measured body height, and weight with the use of the equations of Ganpule et al. 22 Physical activity level (PAL) was obtained from a questionnaire that queried subjects on their occupation and leisure-time activity. PAL was classified into 1 of 4 categories, and the categorical classification of PAL was then converted to 1.5 for sedentary or light, 1.75 for active or moderate, and 2.0 for vigorous and heavy PAL (Ministry of Health, Labour and Welfare of Japan, 2009). 23 Estimated energy requirement (EER) was calculated as the product of PAL and BMR. We used the ratio of reported energy intake (EI) to EER (EI/EER) as an indicator of the adequacy of energy intake reporting and defined a ratio of 1.0 as adequate reporting for the group.
Statistical analysis
All statistical analyses were performed separately for women and men in 2 age groups (younger: 30-49 years for both women and men; older: 50-69 years for women and 50-76 years for men) using SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC, USA). Means, coefficients of within-individual variation (CV w ) and between-individual variation (CV b ), variance ratio, required group size, and required number of days were compared between age groups and sexes.
Means, SD, CV w , and CV b for intakes were calculated. Variances of intake were estimated into 2 sources by 1-way ANOVA: (1) between-individual variance (σ b 2 ) and (2) within-individual variance (σ w 2 ) (ie, day-to-day variation unaccounted for by other sources). Estimates of σ w 2 and σ b 2 were calculated by setting mean squares equal to their expected values.
We used untransformed data to analyze within-and between-individual variation in energy and all nutrients because a previous study showed that the estimated relative contribution of sources of variance was not considerably affected by logarithmic transformation 2 and because other previous studies showed that a logarithm and Box-Cox transformation did not improve the assumption of homoscedasticity across covariates in the models, that estimates based upon transformed nutrient data were difficult to interpret meaningfully, and that back-transformation would introduce bias to variance estimates. 24, 25 The group size of DR (G) required to estimate mean intakes with 95% CIs within the specified percentage deviation (D 0 ) of group mean from group usual ("true") mean intake was calculated using the following formula 2 : G = 1. ]. The number of days of DR (N R ) required to ensure a specified level of correlation coefficient (r) between observed and unobserved usual ("true") mean intakes in individuals was calculated using the following formula 1, 7 : N R = [r The number of days of DR (N I ) required to estimate mean intakes with 95% CIs within the specified percentage deviation (D 1 ) of individual mean from usual ("true") mean intake based on CV w was calculated using the following formula [1] [2] [3] :
RESULTS Table 1 shows the physical characteristics of men and women in the 2 age groups. The mean value of EI/EER was around 1.0 in all groups; the smallest value, 0.94, was for younger men, and largest value, 1.08, was for older women. Table 2 shows means, SD, CV w , CV b , and VR of daily intake of energy and 31 selected nutrients. Mean intake was larger in the older than in the younger group in both sexes for most nutrients and larger in men than in women for energy and all nutrients. CV w was larger than CV b for energy and most nutrients irrespective of age or sex. CV w was larger in the younger than in the older group for both women (for energy and 26 nutrients; ±1%-65% differences) and men (for energy and 28 nutrients; ±2%-25% differences). The findings for CV b were similar among both women (for energy and 26 nutrients; ±5%-12% differences) and men (for energy and 29 nutrients; ±8%-11% differences). Additionally, CV w was larger in men than in women for both the younger (for energy and 21 nutrients; ±8%-4% differences) and older groups (for energy and 22 nutrients; ±7%-51% differences). Similar findings were obtained in CV b for both the younger (for energy and 29 nutrients; ±1%-8% differences) and older groups (for energy and 18 nutrients; ±4%-8% differences). VR was greater than 1 for all except water (in younger women and men and older men) and carbohydrate (in younger men). In contrast to the results for CV w and CV b , VR was larger in the older than in the younger group for both women (for energy and 21 nutrients) and men (for energy and 26 nutrients) and larger in women than in men for both the younger (for energy and 27 nutrients) and older groups (for energy and 16 nutrients). Table 3 shows the group size required to estimate mean intake of energy and nutrients with 95% CIs within a specified (ie, 2.5%, 5%, 10%, and 20%) deviation of a group's mean from the group's usual ("true") mean intake by DR. The group size required to determine the mean intake of the group was larger in the younger than in the older group for both women (for energy and 29 nutrients) and men (for energy and 30 nutrients) and was larger in men than in women for both the younger (for energy and 26 nutrients) and the older groups (for energy and 22 nutrients). Table 4 presents the number of days required to ensure specified (ie, 0.75, 0.80, 0.85, 0.90, and 0.95) correlation coefficients between observed and usual ("true") mean intake of energy and nutrients by DR. The number of days required to rank individuals within a group by intake was larger in the older than in the younger group for both women (for energy and 20 nutrients) and men (for energy and 25 nutrients) and was larger in women than in men for both the younger (for energy and 29 nutrients) and older groups (for energy and 16 nutrients). Table 5 shows the number of days required to assess mean intake of energy and nutrients with 95% CIs within a specified (ie, 5%, 10%, 20%, and 30%) deviation of an individual's mean from usual ("true") mean intake by DR. The number of days needed to assess the usual intake of individuals was larger in the younger than in the older group for both women (for energy and 26 nutrients) and men (for energy and 28 nutrients) and was larger in men than in women for both the younger (for energy and 20 nutrients) and older groups (for energy and 21 nutrients).
DISCUSSION
In this study of Japanese women and men, we found that coefficients of within-individual variation and betweenindividual variation were generally larger in the younger ). e Sum of β-carotene, α-carotene/2, and cryptoxanthin/2. f Sum of retinol, β-carotene/12, α-carotene/24, and cryptoxanthin/24. g Sum of eicosapentaenoic acid, docosapentaenoic acid, and docosahexaenoic acid.
group than in the older group, whereas variance ratio was larger in the older group than in the younger group. Similarly, both CV w and CV b were generally larger in men than in women, whereas VR was larger in women than in men. To our knowledge, this study is the first to examine within-and between-individual variation in dietary intake with respect to both age and sex in a Japanese population and in Asian men.
The results of this study are comparable with those of previous studies in Japan, 4, 14, 15 namely, CV w was larger than CV b , and CV w , CV b , and VR were relatively small for energy, carbohydrate, protein, and water, intermediate for minerals, dietary fiber, and fat, and large for fatty acids, cholesterol, and vitamins. Ogawa et al used four 3-day DRs to investigate women (aged 47-76 years) and men (aged 45-77 years) living in a rural area. 15 Their results for CV w and CV b were similar to our estimates. Egami et al used four 4-day DRs to assess women and men (aged >40 years) living in a coastal area. 14 CV w was generally larger than in our results, whereas CV b was smaller. Tokudome et al used four 7-day DRs to investigate female dietitians (aged 32-66 years). 4 CV w and CV b were generally smaller than in our study, possibly due to differences in eating patterns between their and our groups, which arose from the greater nutritional knowledge of their subjects.
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2,3
The present results have implications for the design and interpretation of dietary assessment. First, among older adults and women, nutrient intake may be more homogeneous from day-to-day and among subjects than for younger adults and men, because smaller CV w and CV b were observed in older groups and in women than in their respective counterparts. Thus, as compared with men and younger adults, women and older adults may require a smaller group size and fewer days to assess the group's and individual's usual nutrient intake. Second, subjects can be more precisely ranked in groups of younger adults and/or men, because a smaller VR was observed in these groups. A smaller VR means that σ w 2 is relatively small compared with σ b 2 and that the difference in intake between individuals can be more easily distinguished. Therefore, if dietary assessment is conducted in individuals or groups by the same methods (number of days and group size) regardless of age or sex, the level of precision of the assessment will differ among the individuals or groups. If an analysis includes estimates of intake with a low level of precision, even in only 1 group, this may decrease the power of the statistical analysis and lead to misinterpretation of the association between dietary factors and an outcome. 2, 7, 9, 12 Third, regardless of age or sex, a large CV w means that many DR days would be required to characterize an individual's usual intake-for example, 4 to 481 days would be needed to achieve within 20% deviation for younger women. Therefore, Table 4 . Number of days required to ensure a specified correlation coefficient (r) between observed and usual ("true") mean intake of energy and nutrients by dietary record according to sex and age group 6  8  12  20  44  3  4  6  10  21  7  9  13  22  48  MUFA  5  7  10  16  36  8  10  15  25  55  4  5  8  13  29  5  7  10  17  37  PUFA  8  11  17  27  59  9  13  19  31  67  6  8  12  19  41  6  9  13  21  46  n-6 PUFA  9  12  17  29  62  11  15  22  36  78  6  9  13  20  44  7  9  14  22  49  n-3 PUFA  10  14  20  33  72  12  16  23  38  83  8  12  17  28  60  10  13  19  32  69  Marine origin n-3 PUFA   e   21  29  42  70  151  18  25  37  60  131  17  24  35  58  126  13  18  26  42  92  Cholesterol  8  11  16  25  55  8  12  17  28  61  6  8  12  19  42  6  8  11  18 use of an alternative method (eg, a semi-quantitative food frequency questionnaire) that can estimate usual intakes over a longer period than DR or dietary recall may be necessary to accord with the study objective, study design, demographic characteristics of the population, and available resources. 3, 6, 12, 15 Several limitations of this study warrant mention. First, the generalizability of our results is hampered by the fact that the present subjects were not randomly sampled from the general Japanese population but were instead volunteers and possibly health-conscious. As we lacked information on the subjects' characteristics, including education and occupation, we could not determine how such characteristics influenced our findings. Mennen et al 13 assumed that the dietary recall of subjects who completed a protocol is more precise (smaller CV w ) than that of subjects who dropped out. Hebert et al 11 suggested that CV b is smaller in a population with higher socioeconomic status (SES). Thus, because of precise recording, CV w might have been smaller in our volunteers than in the general population consuming a similar diet. CV b might have been smaller because of limited variation in some variables (eg, health-consciousness). If so, the group size required to estimate a group's mean intake in the general population would be larger than the estimates observed here (Table 3) . Additionally, the number of days required to precisely estimate an individual's usual intake in the general population would be larger than the estimates observed here (Table 5) . Conversely, as we did not know whether VR was lower or higher in our volunteers than in the general population, the number of days required to rank individuals based on their intakes within the general population is unclear, that is, we cannot conclude that the required number of days is larger or smaller than the estimates observed here (Table 4) .
Second, the subjects were married men and women living together, who likely frequently have the same meals. This implies that the CV w and CV b of men in this study might be underestimated as compared with the general male population because the daily menu is probably usually decided by 5%  10%  20%  30%  5%  10%  20%  30%  5%  10%  20%  30%  5%  10%  20%  30%   Energy  65  16  4  2  52  13  3  1  69  17  4  2  53  13  3  1  Protein  100  25  6  3  85  21  5  2  99  25  6  3  87  22  5  2  Fat  188  47  12  5  187  47  12  5  211  53  13  6  198  49  12  5  Carbohydrate  65  16  4  2  53  13  3  1  67  17  4  2  61  15  4  2  Dietary fiber  176  44  11  5  161  40  10  4  178  45  11  5  143  36  9  4  Water  65  16  4  2  44  11  3  1  84  21  5  2  53  13  3  1  Sodium  174  44  11  5  181  45  11  5  195  49  12  5  178  45 women, who in our study had a smaller CV w and CV b . Third, although we compared within-and between-individual variation between sexes and age groups (younger vs older), several unanticipated confounding factors, such as SES, might be present in our analysis. If the distribution of SES differs between sexes or age groups, and SES has an effect on dietary habits, it should be adjusted for in the analysis. However, we designed the study so as to consider important confounding factors that may affect the comparisons. For example, sex itself is an important confounding factor in a comparison between age groups, and age is the same in a comparison between sexes. To address this problem, we recruited the same number of subjects for each sex and age category. Living area, season, and timing of data collection (weekday or weekend day) are other possible confounding factors, and they were equalized between sexes and age groups. [1] [2] [3] [4] 28, 29 Finally, DR is susceptible to measurement error due to erroneous recording and potential changes in eating behavior. 3 However, the adequacy of reported energy intake was likely adequate at the group level, given that the mean value of EI/EER was around 1.0.
In conclusion, the present study of Japanese adults showed that CV w and CV b were larger in a younger group than in an older group and larger in men than in women for energy and most nutrients. Precise estimation of usual nutrient intakes requires consideration of differences not only in CV w and CV b by age and sex, but also in group size and number of days estimated using CV w and CV b . The present findings may have important implications for the design and interpretation of dietary assessment in Japanese adults.
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